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摘   要 
 





(+)-Brefeldin A 是极其昂贵的生化试剂，从外国公司购买，价格约为 1.5 万
美元/克，这是一般研究项目难以负担的，本论文使用具有自主知识产权，来自








论文利用(+)-Brefeldin A 的 4 号位与 7 号位羟基反应活性的差异，通过改进
的反应路线分别对两个羟基进行了修饰，减少了反应步骤，缩短了反应时间。同








































(+)-Brefeldin A, a macrocyclic lactone antibiotic, possesses various biological 
activities including antiviral, antifungal, nematocidal and antitumor effects. However, 
as a potential anti-cancer drug, (+)-Brefeldin A is severely limited by its undesirable 
pharmacokinetic properties including negligible bioavailability after oral administratio 
-n and rapid clearance from the blood plasma after intravenous administration. It is 
also complicated by its low aqueous solubility and lipid solubility. In view of the 
above problems, additional works in the area of brefeldin A congener and prodrug 
synthesis are of great significance. 
(+)-Brefeldin A, purchased from foreign country, is an extremely expensive 
biochemical reagent and costs about $15,000/g which is too high for common reseach 
project.  In this thesis, a series of production practices and experimental research 
work on (+)-Brefeldin A were performed by using a penicillium SHZK-15 (Fujian self 
produced with independent intellectual property right), so as to achieve the “gram-gra 
-de” production technology and lay the foundation for further study in future. 
Phosphorus plays an important role not only in the metabolic and genetic process, 
but also in the design of antitumor and antiviral drugs. Under the guiding ideology of 
Professor Yufen Zhao's "Phosphorus Life Chemistry" theory, we designed and 
synthesized a series of (+)-Brefeldin A’s new derivatives which significantly improve 
the lipid solubility of (+)-Brefeldin A. Besides, we identified their chemical structure 
by NMR, MS, HRMS and other methods, and intensively studied the fragmentation 
pattern of ESI-MS for phosphoramide compounds, finally we discovered and verified 
a special rearrangement of the phosphoramide compounds.  
Because of the existing reactivity differences between 4’ and 7’ hydroxy of 
(+)-Brefeldin A, we respectively modified them with an improved simple method. In 
the meantime, through the study of 31P NMR, we successfully isolated seven pairs of 
epimer and identified their chemical structure. 
By using the MTT method, we tested the anti-tumor activity of (+)- Brefeldin A 















Further more, the effects of derivatives' structural differences on the activity were 
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